A pair of new alkaloid stereo-isomers, stemocochinin (1) and isostemocochinin (2), was obtained from the roots of Stemona japonica Miq., along with seven known alkaloids, stemonamine (3), isostemonamine (4), maistemonine (5), isomaistemonine (6), croomine (7), stemonine (8), and protostemonine (9). The complete structure and stereochemistry of the pair of isomers were established by extensive analysis of the spectral data. Furthermore, our results indicated that S. japonica is chemically closer to S. sessilifolia than S. tuberosa, which are consistent with our previous DNA study on Stemona species.
Plants of the genus Stemona, belonging to the medicinally important family Stemonaceae, are a rich source of a class of structurally unique pyrrolo[1,2-]azepine alkaloids known as Stemona alkaloids [1] . Three species in this genus, i.e. S. tuberosa, S. japonica and S. sessilifolia, are collectively recorded as Radix Stemonae ('Bai-Bu' in Chinese) in the Chinese Pharmacopeia [2] . This herb is often used as an antitussive drug to treat respiratory disorders, such as cough and tuberculosis, and is also used as an anthelmintic agent for domestic animals [3] . The prominent clinical and pharmacological properties of these plants have prompted many phytochemical studies, and over one hundred Stemona alkaloids have been isolated from these herbs [4] .
Our group has been engaged in this class of intriguing alkaloids for many years [5] [6] [7] [8] . A series of alkaloids were identified from S. tuberosa, and some of them were found to show antitussive activities [9, 10] . Interestingly, significant chemical diversity was observed for S. tuberosa collected from different places of production [5] . During our further systematic investigation of alkaloids from the genus Stemona, the chemical constituents of S. japonica were studied. A pair of stereoisomers, stemocochinin (1, Figure 1 ) and isostemocochinin (2) , was isolated together with seven known alkaloids (3) (4) (5) (6) (7) (8) (9) . Their chemical structures and stereochemistry were established by spectroscopic analysis. The chemotaxonomic significance of these alkaloids is discussed based on the distribution of these alkaloids in the genus and a DNA phylogenetic study.
A 95% ethanol extract of the herb was acidified with dilute hydrochloric acid. The acid soluble fraction was adjusted to pH 9 with ammonia solution, and then extracted with CH 2 Cl 2 . Compounds 1-9 were obtained from the CH 2 Cl 2 fraction by silica gel column chromatography. Compound 1, an amorphous powder, had the molecular formula C 22 H 31 NO 5 , based on the quasimolecular ion [M+H] + at m/z 389 in its EI-MS. The base peak at m/z 290 [M-C 5 H 7 O 2 ], a characteristic cleavage fragment of Stemona alkaloids, indicated the presence of an α-methyl-γ-lactone ring annexed to C-3. Another prominent peak at m/z 292 [M-C 5 H 5 O 2 ] can be attributed to the loss of the unsaturated α-methyl-γ-lactone ring from the molecular ion.
The 1 H NMR spectrum (Table 1) , and the HMBC spectrum showed H-12 correlated to C-11, C-13, C-14 and C-15, suggesting that the -lactone was formed by ring closure involving the oxygen atoms bridged to C-12 and C-15. Furthermore, the HMBC correlation H-12C-11 suggested the location of this lactone at C-11. The HMBC correlation of the characteristic olefinic signal at δ 7.14 (H-13) to C-12, C14, C15 and C16 suggested that the double bond is within the lactone ring and conjugated with the carbonyl group at C-15. Similarly, the HMQC spectrum revealed that the signal at  H 4.17 (H-18) was correlated with a carbon at  C 80.4 (C-18), and the HMBC spectrum showed that H-18 correlated with C-3, C-19, C-20 and C-21, suggesting that another -lactone attached to C-3 was formed by ring closure involving the oxygen atoms bridged to C-18 and C-21.
The stereochemistry of compound 1 was determined from the ROESY spectrum in which the protons of Me-17 had correlations with H-9a, H-11 and H-9, but not with H-12, indicating that Me-17, H-9a, H-11 and H-9 are on the same side and are β-orientated, whereas H-12 should be α-orientated (Figure 2) . Accordingly, compound 1 was determined to be stemocochinin. This alkaloid has been reported before [11] , but the full assignment of NMR data and detailed stereochemistry were not determined. Compound 2 had the same quasimolecular ion as that of 1 at m/z 389. It also showed the same prominent peaks at m/z 290 and 292 as alkaloid 1 in its ESI-MS. The 1 H-, 13 C-and DEPT-NMR spectra of 2 were similar to those of 1 except that the chemical shifts of H-10 and H-11 are slightly different ( Table 1) . Comparison of the ROESY spectra of alkaloids 1 and 2 revealed a significant difference. Clear correlation was observed between methyl-17 and H-12 in the ROESY spectrum ( Figure 3 ) of alkaloid 2, suggesting that H-12 should be β-orientated. Thus, the only difference between alkaloids 1 and 2 was the relative configuration of C-12, (S in 1 and R in 2). Accordingly, compound 2 was determined to be an isomer of stemocochinin (1) and was accorded the trivial name isostemocochinin (2) .
The known alkaloids were identified as stemonamine (3) [13, 14] , isostemonamine (4) [13] , maistemonine (5) [13] [14] [15] [16] , isomaistemonine (6) [14, 17, 18] , croomine (7) [12, 19, 20] , stemonine (8) [21, 22] and protostemonine (9) [15, 21, 22] by comparing their MS and NMR spectral data with those reported in literature (Figure 1) .
Six of the seven known alkaloids have been identified from S. sessilifolia, while only compound 7 has been isolated from S. tuberosa ( Table 2) , indicating that S. japonica is chemically closer to S. sessilifolia than to S. tuberosa. Current phytochemical results are consistent with our previous DNA study on Stemona species [23] , which showed that the 5S rRNA sequence of S. tuberosa shares a similarity of 76% and 78.5% with those of S. japonica and S. sessilifolia, respectively. In contrast, the similarity between S. japonica and S. sessilifolia is 84.5%. Thus, both phytochemical and DNA phylogenetic data confirm a closer relationship between S. japonica and S. sessilifolia than S. tuberosa. 
Isolation of compounds 1-9:
One kg of dried roots of S. japonica were ground and percolated with 95% EtOH at room temperature for 3 days, and then filtered and concentrated under reduced pressure. The residue was acidified with 500 mL of 4% HCl solution, and then extracted with Et 2 O (400 mL x 3). The Et 2 O was evaporated to give a crude non-alkaloid extract (6 g). The pH of the water layer was adjusted to 9-10 with 35% NH 4 OH, and extracted with diethyl ether to give the total alkaloids (4.5 g). Part of these (4.0 g) was chromatographed on a silica gel column and eluted with CH 2 Cl 2 : MeOH: NH 4 OH (94: 6: 0.04). The eluates were monitored by TLC and grouped into 6 fractions (Fr. 1 -Fr. 6). Fr. 1 was rechromatographed on a silica gel column using n-hexane: EtOAc (6:4) as eluent to yield alkaloid 3 (10 mg). Fr. 2 was chromatographed on a silica gel column eluted with n-hexane: EtOAc (5: 5) to give alkaloids 4 (12 mg), 5 (20 mg) and 6 (20 mg). Fr. 4 was chromatographed on a silica gel column eluted with nhexane: EtOAc: acetone (2: 2: 0.5) to give alkaloids 7 (20 mg), 8 (26 mg) and 9 (93 mg). Fr. 6 was separated by silica gel CC eluting with n-hexane: EtOAc: acetone (2: 2: 1) to afford alkaloids 1 (20 mg) and 2 (40 mg). 
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